Introduction
This chapter investigates the process through which radical change is governed focusing on the activities of actors from a market perspective, from public policy makers to industrialists and to consumers. Considering the idea that markets can be organised and shaped, we follow the activities of those that Courtney et al. (1997) call "market shapers". The literature related to such topic has been scattered. On the one hand, a stream of the literature deals especially with the role of a few individuals and their social and political skills to allow change (Fligstein, 1996; Fligtsein and Mara Drita, 1996 on political entrepreneurs; Lawrence and Suddaby, 2006 on institutional entrepreneurs). On the other hand, another stream of the literature has been focusing on the interactions between various levels (landscape, regime, niche) to explain radical change (such as the multi-level perspective (Geels, 2002 (Geels, , 2005 and strategic niche management). We argue that the two perspectives are complementary. This is made possible by focusing on the actors' activities rather than on the actors or their strategies only. It would thus enlighten the debate on the governance of change.
To do so, we propose to follow the building of market infrastructures (Delemarle and Larédo, 2012 and Delemarle and Larédo, forthcoming) through the arenas that produce them. Market infrastructures are defined as a set of rules (what actors are allowed to do), of norms (what they ought to do) and of values (what they want to do). While some are intangible (embodied in the way actors behave), most are embedded in physical equipment (communication networks or transport networks and their support systems) and in formalized processes that build on specialized certification and validation bodies or/and in legal obligations (with corresponding legislative and enforcement structures). Such a definition assumes that there is not one infrastructure to frame a market, but a set of them that build a set of infrastructures. We show that there is no one single arena that produces it. We argue that the three sets of questions -through the 3 pillars -raised by Borrás and Edler in the introductory chapter cannot be addressed in only one single arena. On the contrary, a series of complementary/competing arenas are developed, each being led by different actors with different interests and different targets (Bonneuil et al., 2008) . We thus take a different position from Kuhlmann (2007) and Callon and Rip (1992) who would tend to argue for a single forum. Actors invest in arenas depending on the projects/views they want to defend, depending on what they think is important for the governance of markets. Arenas evolve over time: they have their own dynamics, which cannot be thought without considering trans-arena dynamics. Our argument is that the governance of change in S&T emerges as the various arenas get aligned, into what we call a "governance arrangement". A governance arrangement is thus defined as the constellation of arenas and their dynamics (intra and inter arena dynamics) that are aligned in a robust manner. Until the governance arrangement is set, existing uncertainties (technical or social) do not allow actors to move forward in the development of innovations and markets are not structured because the market infrastructures have not been agreed upon.
The chapter is organised as follows: we first review the useful concepts from policy analysis (Kuhlmann, 2002) and social study of science (Bonneuil et al. 2008 ) that deal with settings in which strategic actors debate. We enrich these with some learnings from "hybrid forum" (Callon and Rip, 1992) and sociology of science (Vinck, 1999 (Vinck, , 2010 . We then go in details into our case that we structure using the framework proposed by Borrás and Edler in the opening chapter. We then discuss our findings on arenas linked to the set up of the governance arrangement and propose a first characterisation of arenas. Conclusions follow last.
From arenas to hybrid forums: towards a framework to better understand governance of S&T change
The concept of arena offers useful readings of the setting in which "individual and collective actors interact to define the cognitive and normative dimensions of a problem" (Bonneuil et al., 2008: 205) . Initially developed by Strauss (Clarke, 1991) and then further elaborated in policy analysis (Kuhlmann, 2007 and Kuhlmann et al., 1999) and sociology of social problems, arenas point to a meso-level of analysis: actors negotiate within structures to reach a consensus or said otherwise to reach an alignment. Bonneuil et al. (2008) focusing on the role of these arenas in framing problems in a public debate context argue that one arena cannot alone encompass all problems and that several arenas co-exist, each focusing on one problem or on one framing of a problem. So they can compete one against another. In the case of GMOs, they counted nine arenas each having its "own symbolic referential, hurdles and resources i.e. its own grammar". Each brought a large variety of actors around one framing of a problem, in their case study, problems linked to GMOs: economic, scientific, expert, regulatory, legal, political, media, activist and participatory. In their study, they show how trans-arena dynamics evolve over time. They explain the resulting different positioning of the GMO controversy in France and in the US by the dynamics of interactions between the arenas. In their conclusion they however point to the limit of their framework: "linking automatically orders of justification to specific types of arenas" (Bonneuil et al. 2008: 226) is too simplistic. This framework is useful to explain the existence of various arenas and their relationships in the context of S&T change. However, it does not help in understanding the dynamics within the arenas.
The notion of hybrid forum (Callon and Rip, 1992) , initially developed to discuss democracy in relation to technical choices, brings complementary elements to the functioning of such arenas. The notion of hybrid forum relies on two terms that are equally important: forums as "they are open spaces where groups can come together to discuss technical options involving the collective," and hybrid as "the groups involved and the spokespersons claiming to represent them are heterogeneous, including experts, politicians, technicians and laypersons who consider themselves involved. They are also hybrid because the questions and problems taken up are addressed at different levels in a variety of domains, from ethics to economic" (Callon et al., 2009, p. 18) . Hybrid forums are much more fluid 1 and less stable than arenas. Callon and his colleagues argue that hybrid forums bring together experts from three different poles (scientific, legal, socio-economic) . Experts are not part of a single arena but are what constitute arenas. They are "mediators" who face multiple constraints and who try to reach a compromise that is robust technically, socially viable and legally acceptable. This is where the idea of fluidity is illustrated because constraints can change over time; as a result, this can lead to various types of compromises over time. They are fluid also because they are networks of alliances across organisations that can be rearranged as new issues emerge over time or as new enrolment occur. The three poles are interconnected and actors can move across them. The interactions between the three produce "an expertise" and an alignment. What is interesting is that the latter cannot be known ex ante because it results from a negotiation. The concept of hybrid forum thus brings insight into the dynamics of each arena explaining why it can grow or come into decay. It also points to the fact that compromises need to be socially viable and legally accepted, i.e. robust (Rip et al., 1995) , which is a very important point in the governance of change.
So multiple arenas co-exist, some expand, some decay, as they manage (or not) to enrol new actors and mobilise around their framing of the problem. But how does a stabilisation occur? The stabilisation, or "punctualising" (as proposed by D. Vinck, 1999 Vinck, , 2010 , occurs when some results or products of one arena are used by others. Indeed, each result or product produces a before and an after. Each is an endpoint reflecting an agreement between the actors but also a materialisation that can travel. It thus "punctualises" the previous network of actors. It offers then new possibilities of action.
We propose to build on these approaches to better understand the set up of the governance of change in S&T systems: how does a multiplicity of arenas emerge (are they as "simplistic" and "mono-dimensional" as Bonneuil et al. show?) , how do they evolve (what are their internal dynamics as Callon and Rip demonstrate, and how do their internal logics impact their dynamics) and how do they articulate and stabilise their relationships (how does "punctualising" occur?). The main argument of the chapter is that these arenas, their internal dynamics and interrelationships are what constitute at a given point in time a governance arrangement.
We present the case study using Borrás and Edler's framework developed in the introductory chapter. The three pillars -purposeful actors, instruments, and legitimacy -link well with the approaches presented above: indeed, the concept of arena encompasses well the idea of a constellation of arenas with various actors and the focus on their interrelationships. The hybrid forum brings the idea of negotiation and compromise within a specific structure. Both approaches deal with actors, their interests and their heterogeneity. Callon and Rip's hybrid forum points more specifically to instruments as hybrid forums aim at creating a consensus based on constraints, some of which are legal/regulatory ones. Both approaches deal with legitimacy issues with different emphasis: Callon and Rip's hybrid forum aims at creating some legitimacy in the context of technical democracy; Bonneuil et al.'s arenas point more indirectly to legitimacy as each arena relies on its own grammar and mechanisms for legitimacy building.
Governing nanotechnology based markets
We consider the nanotechnology case to illustrate the governance arrangement, i.e. the constellation of arenas and their dynamics (intra and inter arena dynamics) that are aligned in a robust manner. We know from past stories that only successful alignments stay while unsuccessful trials disappear. This is why we prefer to test the setting up of a new governance arrangement in an on-going case. We can thus follow the various public and private investments and how they are accounted for in the different arenas.
We chose "nanotechnologies" to test the notion of governance arrangement because it is a lively case and as we argue elsewhere (Delemarle and Larédo, forthcoming) , governance is still at a tentative stage. The case is rich in terms of the multiplicity of actors involved, the variety of spaces in which they act and the diversity of concerns they push forward.
Nanotechnologies are generally considered to represent a radical technological shift. Working at the nanoscale enables scientists to harvest new properties that do not exist at larger scales, so as either to add new functions to existing products (like waterrepellent glass to keep windows always clean) or to build completely new products (like complex high speed chips in which transistors are only nanometers in size). Nanotechnologies are present in multiple markets (from leisure, to electronics, food and pharmaceuticals) mostly to add new functionalities to existing products, but they also open up radically new avenues to address numerous prevailing issues (from boosting energy conversion for solar panels, to drug delivery and new structural materials) (Larédo et al., 2010) . This is the first time countries outside the Triadic group have made such massive R&D investments. It has led to the creation of multiple S&T niches in which national programs have developed and tested new technological demonstrators/prototypes. This hype has also driven private sector activity, with most of the largest world firms now owning nanotechnology patents from chemicals and materials, to health care and pharmaceutical industry, and to electronics and telecommunications, to cite just a few application fields (Larédo et al. 2010) . Nanotechnologies are indeed considered as "general purpose technology" (Bresnahan and Trajtenberg, 1995) , which promise to impact all fields in a pervasive manner. Lastly civil society at large participates in this movement: NGOs have drawn attention to uncertainties about the environmental and health effects of nanomaterials -and indeed, we know little about their long term effects on human beings or the environment, as matter at the nanoscale does not always have the same physical, chemical, electronic or structural properties as it does at the microscale (Royal Society, 2004; Aitken et al., 2009 ).
Arena 1: ISO nanotechnologies technical committee on nanotechnologies TC229
Objective: market structuring by defining terms (WG1), by the selection of recognized HSE process (WG3), and by the definition of technical specifications for B-to-B (WG4) Actors: companies, public laboratories, specialized agencies and governmental bodies (both technical ministries (labour, health...) and strategic (industry and commerce). Instruments: technical standards Legitimacy: technical expertise and rules of consensus for each technical standard developed The International Organization for Standardization (ISO) creates standards in all fields. "ISO is the world largest standards developing organization. Between 1947 and the present day, ISO has published more than 18,500 International Standards, ranging from standards for activities such as agriculture and construction, through mechanical engineering, to medical devices, to the newest information technology developments" (ISO website, 2011). The Technical Committee 229 "nanotechnologies" (TC229) was created in 2005 with the objective "to develop science-based standards for the field of nanotechnology in order to promote its commercial applications in a secure manner" (General assembly, June 12th 2009) 2 . As nanotechnologies are transversal, it was initially decided that the TC would develop high-level standards that can be used in all applications while application based standards would be developed in industry specific committees.
ISO TC229 has been successful in attracting many types of experts (Table 1) : from high-level scientists with management positions in industry or scientific agencies who felt that something needed to be done to support the development of nanotechnologies, while others, in contrast, are specialists in standards but had, at the start of the Committee, no knowledge of nanotechnologies. 40 delegates attended the first meeting of the committee in 2005, while the attendance in the latest meetings is between 120 and 200 delegates. 30 to 40 delegates constitute the core of the group while the rest of the delegates join in the meeting depending essentially on the location of the meeting: bi annual meetings are organized alternatively in America, in Europe and in Asia, also showing the attractiveness of the TC at a global level. The membership is worldwide: 28 participating countries (P) and 6 observing countries (O) in 2006 and 34 P and 11 O in 2012. In addition to the national delegates, TC229, like any other ISO technical committee, includes representatives from various bodies, called liaisons. The establishment of liaisons in the standardisation system is a way of formalising a contact between activities that are believed to have mutual benefits. This is both seen as a way for efficient communication, which in turn prevents double work and as a way to promote sensible demarcations between areas. The increase from 6 internal liaisons in 2005 to 30 in 2013 and from 0 external liaison to 9 in 2013 also shows the attractiveness of the committee, and the strong position as a coordination entity that the TC has been building over the years. For instance, ISO TC229 received the mandate from CEN (European Standardization Committee) and from OECD to develop terminology standards, while it has co-developed terminology and characterisation standards with the IEC (International Electrotechnical Commission -International standards and conformity assessment body for all fields of electrotechnology). TC 229 initially focused its activities around 3 themes that structured the TC's organisation. These were discussed and decided between the experts present during the first two meetings 3 . JWG 1 "terminology and nomenclature" aims at creating "a common language for scientific, technical, commercial and regulatory processes"(TC 229 Business Plan, 2007). Its mission is "to establish a taxonomic terminology framework for describing and defining nanotechnologies in a clear and unambiguous manner; and thence to explore possible models for a nomenclature framework that could be the basis for appropriate regulatory systems" (Clive Willis, presentation to the general assembly, Nov 21 st , 2008). It is a joint working group with the IEC. JWG 2 "measurement and characterisation" is also a joint working group with IEC TC113. It aims at developing standards in measurement, which are "internationally accepted for quantitative scientific, commercial and regulatory activities" (TC 229 Business Plan, 2007) . The objective of WG 3 "health, safety and environmental issues" is to ensure "occupational safety, and consumer and environmental protection, promoting good practice in the production, use and disposal of nano-materials, nanotechnology products and nanotechnology-enabled systems and products" (TC 229 Business Plan, 2007) . It increased its activities in 2008 with a fourth WG "Material specifications", which aims at establishing nanomaterials specifications for professionals and thus at easing B-to-B exchanges on the market. There were pressures to include this fourth working group because China was the first country to release a national standard on the subject and the Chinese delegation wanted to translate this national advantage to the global market.
Two transversal task groups (TG) were also added as the TC recognized the need to take into consideration societal concerns. TG "Nanotechnology and sustainability", created in 2008, is expected to look for areas in which standards can be developed to speed up the process for innovations linked to sustainability and that are close to the market. It is actually aiming at setting priorities for new work items: these items being directly linked to sustainability. An exemplary case is water purification 4 . TG "Consumer and Societal dimensions of nanotechnology" was created in 2008 to take into consideration all non-technical aspects of nanotechnology including ethical issues such as the participation of countries from the Southern hemisphere, of underrepresented groups and of the consumers. TC229 grew over time both in size as the number of members and liaisons shows and in number of projects as Table 2 illustrates. TC229 became a central actor in the governance of nanotechnologies: its leading role in defining the terms related to nanotechnologies (JWG1) and characterising/measuring it (JWG2) is illustrated by the number of standardisation and standardisation like organisations that rely on it for this work (Table 3) . TC229 even plays a role of coordinating entity: 6 general definitions and characterisation methods/measurement are carried out by TC229, while specific work on applications is carried out by existing industrial TCs, even if this involves working outside of the ISO structure. In 2011 for example, TAPPI, the worldwide Technical Association for Pulp, Paper and related Industries, which is in charge of standardization in those fields, contacted ISO TC229 to coordinate the standardization activities in relation to nanocellulose materials, and it was agreed that ISO TC229 WG1 would work on definition related to nanocellulose and that WG2 would work on their characterization and measurement. To give another example: in 2007, ISO TC229 and the IEC (the International Electrotechnical Commission -in charge of standardization activities in electrotechnology) decided to avoid redundancy by creating joint working groups to manage their nanotechnology-related activities 7 . TC229's development pattern shows the progressive enrolment of new actors and the enlargement of its scope of activities. The growing number of liaisons but also the increasing activity (as an indicator of the increasing number of experts mobilised to work on the standardisation documents) illustrates this. Its extended scope is illustrated by the development of WG4 and by the set up of the two TGs in 2008 which both introduced new themes in a technical committee. TC229 shows its attractiveness as it proposed in 2013 the first standardisation projects that are not directly technical in WG1 (with the support of the OCDE) covering "economic indicators for nanotechnologies" and "terminology -nanotechnologies in plain English".
Arena 2: Working party on manufactured Nanomaterials (WPMN) at the Organisation for Economic Co-operation and Development (OECD)
Objective: "safety evaluation and assessment of manufactured nanomaterials" Actors: OECD, governmental agencies and ministries, companies Instruments: recommendations, reports, good practices Legitimacy: international organisation whose mission is to "promote policies that improve the economic and social well-being of people around the world" (www.oecd.org) OECD set up in 2006 the Working Party on Manufactured Nanomaterials. It "involves OECD member countries, as well as some non-members economies and other stakeholders to pool expertise and to fund the safety testing of specific Manufactured Nanomaterials" (www.oecd.org). The Working Party on the safety of Manufactured Nanomaterials (WPMN) was created "to ensure that the approaches for hazard, exposure and risk assessment for manufactured nanomaterials are of a high quality, science-based and internationally harmonised" 8 . Its terms of reference state ten points among which the first is "to elaborate and implement a program of work (…) to promote international co-operation in the health and environmental safety related aspects of manufactured nanomaterials … The main topic areas to be included in the program of work will include: Definitions, nomenclature and characterisation (physicochemical properties, uses) where not otherwise available; Environmental fate and effects (hazard identification, hazard, exposure and risk assessment methods); Human exposure and health effects (hazard identification, hazard, exposure and risk assessment methods); Exchange of information on regulatory and risk management frameworks (limited mainly to the chemicals sector) as well as environmental benefits." 9 Table 4 presents the 37 documents that constitute the outputs of WPMN's work. First, its shows that that their work on "definitions, nomenclature and characterisation" was not carried out. It was transferred to the ISO TC229 in 2008. It is thus an acknowledgment from the OECD that ISO was legitimate to fulfil this task. It then shows a change in focus in relation to the objective of developing methods: the 4 "guidance" documents produced describe "how to do things" rather than "what to do". Last, most documents (25) are actually reviews and summary of what other actors have been doing. This is why the WPMN developed a database regrouping governmental activities linked to EHS issues of nanomaterials. There is thus an important move from what was expected -i.e. assessing manufactured nanomaterials. The failure of the activities of the arena can be explained by the fact that the OECD WPMN relied on national and private support for developing the R&D processes implied for the characterisation of the nanomaterials. The initial idea was to work first on 13 selected manufactured nanomaterials as a test, which would then be replicated to other nanomaterials. However, the slowness in the definition of the nanomaterial characteristics and the R&D cost led the WPMN to recognize that this could not be reproduced. The pattern of development of the OECD WPMN thus shows a failure in coordinating activities at the global level and in the assessment of manufactured nanomaterials. It evolved to become an arena that disseminates information produced by others.
Arena 3: International Council on Nanotechnology (ICoN)
Objective: to share knowledge on health, environmental and safety issues Actors: a few companies and governmental agencies gathered within the International Council on Nanotechnology Instruments: knowledge database and journal Legitimacy: openness of the database ICoN is a non-governmental organization that defines itself as "an international, multi-stakeholder organization whose mission is to develop and communicate information regarding potential environmental and health risks of nanotechnology, thereby fostering risk reduction while maximizing societal benefit" (ICoN Fact sheet, 2010) 10 possible on these issues. The database has been upgraded into a virtual journal, which contained on November 5th, 2013, 8092 summaries (abstracts) and citations of research papers related to the EHS implications of nanoscale materials covering the period 1962-2013 12 . Anyone can propose on-line the inclusion of a new summary provided the paper has already been published in a scientific journal. The database/virtual journal can be searched on nine specific criteria: Method of study, Particle type, paper type, risk exposure group, production method, exposure pathway, exposure of hazard target, content emphasis and target audience.
It is difficult to assess its use: apart from the virtual journal/database, the website has not been updated since 2010, and carries no data on its use. Moreover, almost no one involved in standardization knows about it or has used it as a source of information (Delemarle and Larédo, forthcoming).
ICoN's development pattern thus shows a failure to become the reference repertory for EHS issues related to nanotechnologies. It materialises the initial interests from global actors in the field bringing together under a non-profit organization form, public and private partners. However, the membership has not evolved, showing a lack of attractiveness. The number of abstracts in the virtual journal is still increasing but it results from a process that is not transparent and the choice of abstracts and their referencing is unknown. Moreover, Porter et al. (2008) 
Arena 4: the European Code of Conduct for responsible nanosciences and nanotechnologies research
Objective: to shape "responsible" practices Actors: EU commission, nanotechnology company association, Responsible NanoCode supporters, NGOs Instruments: voluntary Code of Conduct (CoC) Legitimacy: co-development with companies and research organisations involved in nanotechnologies. Surveys on its use to foster learning and to provide updates of Code of Conduct The focus of the EU Commission was to provide guidance for undertaking researchnot for commercialising products. The European code of conduct (CoC) initially resulted from another initiative: the nanoresponsible code, which was the output of a joint initiative by the UK Royal Society, Insight investment, the Nanotechnology Industrial Association and the UK Nanotechnology Knowledge Transfer Network, who collectively argued on the risk on inaction of business as technical, social and commercial uncertainties were rising (Sutcliffe and Hodgson, 2006) 13 . It was used as 12 On March 8th, 2013, the database contained 7014 summaries, showing that the database is updated. 13 They brought together members from 8 companies, 4 scientific organisations/universities and 3 NGOs to produce seven principles illustrated by examples and a benchmark after numerous public consultations. The targets of the Code of Conduct are companies' boards because they are said to be the ones able to impose change in companies. "The Code will be designed to establish a consensus of what constitutes good practice in businesses across the nanotechnology value chain (i.e. from research and development to manufacturing, distribution and retailing) so that businesses can align their processes with emerging good practice and form the foundation for the development of indicators of a basis by the European Commission to produce the EU Code of responsible research in nanotechnology with the support of large European companies.
The European CoC Code of Conduct "encompasses seven general principles on which Member States are invited to take concrete action to ensure that nanotechnologies are developed in a safe manner" 14 .These are: (i) Meaning; (ii) Sustainability; (iii) Precaution; (iv) Inclusiveness; (v) Excellence; (vi) Innovation; (vii) Accountability. It was proposed as a voluntary approach without certification or accreditation requirement. It was expected that companies would embrace the CoC both because companies were involved in the creation process, and because it was not regulatory related. It has been publicized in specific conferences organised by the EU Commission. We investigated the actual use and diffusion of the EU CoC, which is the only way to follow the success or failure of the arena. We selected a sample of 37 companies located in Europe which were identified using the work done on nanotechnology dynamics (Delemarle et al., 2009) 15 . We visited their websites to characterize their 'nanoresponsible' practices: 60% do mention such practices, but, of these, 9 out of 10 develop their own approach (their own code of conduct or specific guidelines), and none did explicitely refer to the EU CoC (Table 5 ). The EU CoC development pattern thus also shows a failure to become a reference in shaping practices at the European level. The OECD did not develop this aspect either. It was partially developed within the ISO TC229 via the development of a framework on risk management. But, more than a failure of one arena, what we see is the failure of an issue to attract interest and support: less than half of the companies mention specific guidelines linked to their use of nanotechnologies.
Arena 5: nanoREACH (Registration, Evaluation, Authorization and Restriction of Chemical Substances at the nanoscale)
Objective: to register nanomaterials as chemical substances Actors: EU Commission, European Chemicals Agency (ECHA), chemical companies and their association Instruments: regulatory framework enforced by the EU Commission Legitimacy: legal enforcement by the EU Commission compliance" (The Responsible NanoCode, 2008). www.responsiblenanocode.org/documents/ theresponsiblenanocodeupdateannouncement.pdf, last accessed, April 15th, 2013). 14 http://europa. eu/rapid/pressReleasesAction.do?reference=IP/08/193&format=HTML, last accessed April 18th, 2012 The REACH framework is a regulatory framework enforced by the EU commission in 2007: it aims at "ensur(ing) a high level of protection of human health and the environment from the risks that can be posed by chemicals, the promotion of alternative test methods, the free circulation of substances on the internal market and enhancing competitiveness and innovation" 16 . It is thus a mode of regulation for the chemical industry. The principle that underlies the framework is that manufacturers and importers of chemicals are responsible for the substances they manufacture or import. They must identify and manage risks linked to them 17 . It is thus the actors themselves who are responsible to say what they are using and how they are handling the nanomaterials. For each substance manufactured or imported in quantities of one ton or more per year per company, manufacturers and importers have to fill in a registration dossier, and submit it to the European Chemicals Agency (ECHA) (registration step). Selected substances of high concern may be asked to provide more information (the evaluation step) and some substances, considered of very high concern, are subject to authorisation (the authorisation step). Last the EU authorities can put "restrictions on the manufacture, use or placing on the market of substances causing an unacceptable risk to human health or the environment" 18 .
Concerns due to uncertainties related to nanomaterials toxicity led actors to question the relevance of REACH framework to handle nanomaterials. While the European Commission stated in 2008 that the "current legislation covers in principle the potential health, safety and environmental risks in relation to nanomaterials", and that "the protection of health, safety and the environment needs mostly to be enhanced by improving implementation of current legislation" (ibidem), several voices raised against REACH as being able to capture the specificities of nanomaterials. In a nutshell, the controversy lies on the definition of nanomaterials 19 . REACH (and the EU Commission) do not use the definitions set out by ISO for identifying a nanomaterial. In 2011, the EU Commission adopted the following definition: Council and the European Economic and Social Committee: Regulatory aspects of nanomaterials, 17.06.2008 19 3 projects are developed by the chemical industry and the European chemical association to determine whether a specific nanoREACH needs to be developed in addition to REACH:
• RIP-oN 1 (Substance Identification): the existing REACH registration dossier is considered relevant by industry experts • RIP-oN 2 (Information Requirements): the existing REACH registration dossier is relevant with a few adjustments. The report concludes: "A comprehensive synthesis of findings, implications, issues and advice has been developed and integrated through the Task Reports and the Final Project Report. Where considered relevant, feasible and justified, specific advice for updating guidance has been provided". http://ec.europa.eu/environment/chemicals/nanotech/pdf/report_ripon2.pdf • RIP-oN 3 (Exposure & CSA): the existing REACH registration dossier is relevant with a few adjustments. The main limit identified was expressed as follows: "for issues which are not currently technically/scientifically mature for developing detailed guidance, the need for further research and development has been indicated" (2011, xii) and experts expect results from OECD work and ISO standardisation work within TC 229 to provide answers in the future.
"Nanomaterial: A natural, incidental or manufactured material containing particles, in an unbound state or as an aggregate or as an agglomerate and where, for 50 % or more of the particles in the number size distribution, one or more external dimensions is in the size range 1 nm -100 nm 20 . In specific cases and where warranted by concerns for the environment, health, safety or competitiveness the number size distribution threshold of 50 % may be replaced by a threshold between 1 and 50 %. By derogation from the above, fullerenes, graphene flakes and single wall carbon nanotubes with one or more external dimensions below 1 nm should be considered as nanomaterials"
The ISO definition is:
"Nanomaterial: material with any external dimension in the nanoscale or having internal structure or surface structure in the nanoscale" 21 "Nanoscale: size range from approximately 1 nm to 100 nm" 22 The ISO definition if thus more flexible concerning the size range. Experts working on nanoREACH (among which CEFIC members 23 ) are arguing that the scale effect may appear not only between 1 and 100 nm and that a product having 45% of matter at 95 nm and 55% at 105nm is not considered as a nanomaterial (while a product having 50% of matter between 1 and 100nm is defined as a nanomaterial). Said otherwise, size cannot be a unique identifier for nanoscale effect 24 .
NanoREACH development pattern shows a mixed result. While the chemical industry had been very reluctant for the adoption of REACH, in the case of nanomaterials, industry representatives have involved themselves from the start producing position papers and reference documents that are central to on-going developments. We find an overall position that favours "local" adaptations (for specific couples of products and use) rather than a transversal approach (e.g. a nanoREACH) regulation). Note however that the discussions are still on-going.
Discussion

Trans arena dynamics
We have analysed the dynamics of five arenas connected with the shaping of nanotechnology markets, using a very classical approach to STS for evaluating their success: their capacity to enrol new actors and the takeover by other arenas of 'outputs' circulated. The more an arena enlarges both in scope and in size, the more successful the arena is because it testifies of its relevance for a growing number of actors and because it is trusted to address complementary issues that the initial one considered. This is the case for the ISO that enrols, aggregates and renews the issues it is proposing. It is enrolling new actors when for example it receives the mandate from the OECD and 20 Emphasis added by the authors 21 ISO/TS 80004-1:2010, 2.4 22 ISO/TS 12805:2011, 3.2 23 CEFIC is the European Chemical Industry Council. Its membership entails around 29.000 companies. 24 Results of RiP-oN 1 found on http://www.cefic.org/Documents/IndustrySupport/REACH-Implementation/Workshops/REACH-and-Nano-Workshop/2011-06-23/Nano%20REACH%20Workshop%20-%20RIP-oN1%20industry%20perspective%20-%20Morris%20Cole.pdf last accessed July 12 th , 2013 the EU Commission (via the Vienna Agreement between ISO and CEN) to establish a common vocabulary. It is aggregating when for example it encompasses also the issue of risk management 25 , which was partly the objective of the EU Code of Conduct or when it develops external liaisons with other standardisation bodies. It renews its questioning when it includes subjects that were not initially in its scope, as is illustrated by the creation of the two task groups on sustainability and social issues of nanotechnology, or when it develops standardisation documents on economic indicators on nanotechnology. The second classical criterion of success lies in the ability of an arena to impose its viewpoints to others. When looking at our cases, this goes first with the ability of the arena to embed its outputs into instruments, may these be tangible or not, like a definition, a method or a standard. The EU code of conduct is a good counter example of this: it is just a discourse with no 'operational' translation and no third party to give credibility to firms that say they apply it. This may well explain why few firms refer to it and no firm ever mentioned applying it. The effective measure of success lies then in the takeover of its outputs by other arenas. This is for instance the case of the definition of nanotechnology by ISO when it is taken over by other standardisation bodies or the OECD; but it also enables to define the limits to such a success, when considering the fact that another central arena, REACH and the European Commission, has developed its own definitions, and defector re-opened the debate about what nanotechnologies are. We consider these two dimensions as translating the notion of output legitimacy as proposed by Borrás and Edler in the introductory chapter. They are central to trans arena dynamics since they imply both a circulation of actors and artefacts between arenas. We assume that the former by their presence insure inter arena coherence in the ways problems are selected, defined and addressed; and that the latter embed in their use, the solutions promoted by the arena that produced them.
Taking these two criteria as a reference point, we consider, in this first part of the discussion, the conditions that favour or hinder the ability of an arena to succeed. From the analysis of the five cases, we derive a first exploratory list of four key aspects to consider, and possibly four key factors, but this remains to be validated on a wider set of situations. The four aspects are the degree of specificity, the degree of openness, the level of transparency and the structuration of the arena. We shall address them in turn.
(1) The degree of specificity of the arena. We clearly face two types of arenas in our 5 cases: those that focus on one aspect of nanotechnology (ICON and toxicology) or one group of actors (the EU code of conduct and firms, or OECD and governments), and those that address the issue at large, whether within one large industry or sector (REACH and the chemical/materials industries) or globally, as ISO does for all industrial sectors. While one may consider that it might be easier for a 'targeted' arena to be recognised as such and be delegated by others the task for which it specialises, our cases seem to show the reverse, it has been very difficult both for OECD and ICON to enlarge their partnership and even to deliver the targeted objective they initially set out to produce. These were two very different configurations since OECD benefitted of a high level 'input' legitimacy being a world reference for all issues dealing with research and innovation, and having worked on chemical safety for decades, while ICON was a de novo creation. The ability for an arena to enlarge its composition and to evolve in the topics to cover seems to be linked to a limited degree of specificity of the arena. This does not mean that it does not focus on certain aspects at its creation, but rather that its embedding leaves the possibility to address other topics open: this limits the costs of investment by participating actors and enables learning to take place.
(2) The degree of openness of the arena. How easily can actors join an arena? What are the cognitive prerequisites to participate in debates? Are the two questions that are considered under this aspect. For instance OECD and ISO require formal membership, as representatives of Governments or as members of national delegations. Opening of the OECD WPMN depends upon existing members through invitation to participate to specific work. In the case of ISO, national delegations are supposed to include actors from diverse environments: firms, public research, government representatives and consumer representatives. Similarly, within ISO, actors are liaising in and out of the committee both to get information from what others are doing but also to give information about what TC229 is doing. They, thus, avoid the arena to develop a product in a vacuum without taking into consideration the other products in development. It is thus important to consider the 'degree' of closeness or openness, through the established rules for participation and the connections established with other arenas. The other face of openness lies in the degree of technical expertise needed to participate to the arena: to what extent the participation in the arena is conditioned by an expertise. The participation to debates within REACH requires a technical expertise in nanomaterials while the participation to the creation of the European Code of Conduct does not require such an expertise.
(3) The third aspect deals with the level of transparency. Transparency relies on the existence of rules of functioning, on the ways the working process is formalised. An outsider who wishes to consult the Icon virtual journal, knows little about how papers are selected. Similarly the OECD has produced four "guidance documents", which production process remains unknown for the outside user. The situation widely differs for ISO, because work and adoption processes are codified process in a series of steps. For each step there is a formal process of adoption that differs depending upon the step. This provides what could be considered as 'process' legitimacy to the outputs coming from ISO.
(4) We were struck by the fourth aspect: the organisational features of arenas. Three out of five arenas identified have developed within the boundaries of existing organisations, while the fourth one was created de novo. Two features seem to matter here. The first one lies in the fact that activities are eased by the existence of stabilised processes that enable to organise the work and to produce robust compromises that generate the outputs. The second one lies in the mobilisation of existing processes to shape outputs and organise their circulation. This is exemplified by OECD WPMN and ISO TC229. Both rely on internal structures based on dedicated secretaries and standard member bodies. In the case of the code of conduct, both aspects are missing, while the case of ICoN shows that it is not enough to have a legal form with an executive board, working groups and activities. Those that have succeeded, at least partly, also have employees, means of implementation, mechanisms to develop activities etc. This organisational aspect is central but has been missing in existing research on arenas. The existence of an organisation to support the arena is thus considered as an important element to consider.
We suggest that these four aspects are a way to further disentangle the notion of 'input' legitimacy proposed by Borrás and Edler. It might be useful to further refine the 'input' notion and separate the dimensions that constitute the arena, from those that characterise its working processes -and as, with innovation studies, distinguish between 'input' and 'process' legitimacy.
Below we provide a first attempt to characterise the five arenas. The following table shows two main results: on one hand, there is no arena that addresses positively all four aspects; on the other hand, there seems to be a connection with multiple negative features and failure. Still there is clearly more work needed about understanding how these four aspects are interconnected and related to the deployment of performative arenas. 
From a multiplicity of arenas to a governance arrangement
The move from a multiplicity of arenas to a governance arrangement relies on the alignment of arenas. The cases present two kinds of alignment. The alignment exists when others, outside of a given arena, use the product of this arena. This is the case when ISO TC229 develops definitions that are used by others. The products that circulate "punctualise" the work of the arena without having to consider it again (D. Vinck, 1999 Vinck, , 2010 . This type of alignment is based on the circulation of arena products. However, the cases also illustrate another type of alignment between arenas: an alignment based on the mandate given by one arena to another to develop a given product. This is the case when OECD or TAPPI gave mandate to ISO TC229 to develop terminology and characterisation for nanotechnologies. We can trace the degree of alignment or misalignment as for example there is between ISO (and its enrolees) and REACH (or nanoREACH) on the definition of nanomaterials. This misalignment is central because it relates to the vision of the organisation of markets for nanomaterials. On one side, there is the vision that there are different markets for nanoproducts while, on the other side, there is the vision that there is one market. This misalignment does not allow yet the set up of a governance arrangement and this is why it currently leads to the re-opening of a debate on the definition of nanomaterials.
More generally, what then are the conditions of alignment? Said differently, how is consensus created within individual arenas, shared and diffused? This remains an open question. Our present hypothesis, looking at the empirical work conducted (but not presented here) is that actors, belonging to several arenas play a critical role.
These actors may act as gatekeepers (a member of a group who is at its boundary and controls access of outsiders to the group) or brokers (a member of a group that makes a link between two arenas that otherwise would not have been in contact, thus providing access to information). ISO TC229's success is linked to the existence of in and out liaisons with other ISO TCs and with external organisations. It success is also linked to the fact that many national delegation members are also members of other arenas such as the OECD WPMN or the EU CoC. Most often, within ISO TC229, members are not only technical experts recognized in their field, they are also high level experts in their country and within their companies or public organisations reaching to multiple other (political) arenas. Indeed we should not forget that actors are first of all strategic players. They invest in arenas depending on their interests. A second hypothesis lies in the respective positioning of arenas: arenas can be complementary (that is addressing different issues and aiming at producing different outputs) or competing between them (around the same output). This notion of complementarity is important because as arenas recognize the relevance of other arenas, they can delegate them the role of developing certain outputs (as we have shown, at least partly, for the definition and characterisation of nanotechnology products). Complementary thus fosters alignment. On the contrary, competition fosters uncertainty. We hypothesize that a governance arrangement cannot be stable as long as competition between arenas remains.
Conclusions
We started this chapter with the ambition to better understand the process through which radical change is governed. We chose to focus on actors' activities to do so. Using on-going situations in the field of nanotechnologies, we follow five arenas in which actors invest. We propose a two-stage approach: in a first stage, 'concerned' arenas are identified and their internal dynamics are studied; and, in the second stage, the articulations between the arenas and their alignment are scrutinised. Thus understanding the governance of change leads to following the building of governance arrangements.
Actors invest in specific arenas to try and influence the future governance arrangement. We have defined successful arenas as those than manage to enrol new actors, enlarge their initial remit while seeing their 'outputs' taken over by other arenas. This enables to see that arenas have various degrees of success or failure. We have proposed a first attempt to delineate four aspects that matter for the effective success of an arena: the degree of specificity, the degree of openness, the level of transparency and the degree of structuration. These aspects enable to disentangle the notion of input legitimacy proposed by Borrás and Edler in their introductory chapter. While the first three have already been studied, we were struck by the importance of the fourth, the structuration of arenas and the critical role of organisational dimensions, not only legal, but even more for favouring work processes, for shaping 'outputs' and for insuring their circulation. One initial reflection is that in four out of the five cases arenas were existing before the issue of nanotechnologies, and that success was linked to their ability to adapt to the new issue. This point clearly needs to be deepened and more research on the organisation of arenas is needed. Another interesting phenomenon is that the five arenas considered developed directly at the international level, driving even to a reversal of established approaches in the
